BIOCHEMICAL SOCIETY TRANSACTIONS the free enzyme. Similarly, the apparent molecular weight of the slower-migrating band will be lower than that of the free aggregate.
The use of general rather than specific ligands covalently attached to polysaccharide matrices has provided affinity resins that can be used in the purification of a wide range of related proteins. Such an approach has been successfully applied to the isolation of nucleotide-requiring enzymes. For example, NADP+ or adenosine 2',5'-bisphosphate covalently linked to Sepharose beads have proved useful in the biospecific purification of a number of NADP+-dependent dehydrogenases (Lamed et af., 1973; Brodelius et al., 1974). However economic considerations limit the preparation of sufficient nucleotideaffinity resin for the purification of large quantities of enzyme, and readily available, alternative ligands would be of great value. Blue Dextran 2000, a sulphonated polyaromatic blue due (Cibacron Blue F3GA) covalently attached to a high-molecularweight dextran, has been shown to act as a general ligand for a number of nucleotidedependent enzymes (Thompson et al., 1975) and has been used in the purification of dehydrogenases and kinases (Ryan & Vestling, 1974;  Kopperschlager et al., 1971 ; Staal et af., 1969). It has been suggested that the blue dye interacts specifically with the nucleotide-binding domain present within these proteins (Thompson & Stellwagen, 1976) .
The related dye Rocion Red HE3B immobilized to Sepharose has been successfully used in the purification of a bacterial carboxypeptidase (Baird et al., 1976) . Since structural similarities exist between Cibacron Blue and Procion dyes we have examined the use of such dye-polysaccharide resins for the purification of some nucleot ide-dependent enzymes. A cytoplasmic extract of rat heart (2mg) was applied to a column (lcmx5cm) of
Procion Red-Sepharose equilibrated in 10mM-sodium phosphate buffer, pH7.5. The arrow indicates where 1 mM-NADH was included in the irrigation buffer. Fractions were assayed for protein concentration (m), lactate dehydrogenase (A) and malate dehydrogenase ( 0 ) activities.
Blue Dextran was covalently attached to CNBractivated Sepharose 4B by the method of Ryan & Vestling (1974) . Cibacron Blue F3GA (Ciba-Geigy, Basel, Switzerland) and Procion dyes (ICI Organics Division, Blackley, Manchester, U.K.) were attached to Sepharose 4B as described by Dudman &Bishop (1968) . The ligand concentrations of the synthesized resins were in the range 1-3pmol of dye/ml of swollen gel. Of the Procion dyes tested, Procion Red HE3B-Sepharose exhibited minimal swelling and contraction when subjected to changes in ionic strength and was therefore used in subsequent studies.
Lactate dehydrogenase and malate dehydrogenase from rat heart were selected as model enzymes to examine protein binding to Procion Red-Sepharose. Freshly excised rat hearts were homogenized in 5vol. of ice-cold water and the homogenate was centrifuged for 30min at 1OOOOOg,,.. The supernatant was dialysed overnight against I O~M -sodium phosphate buffer, pH7.5, and then a sample (2mg) was applied to a column of Procion Red-Sepharose equilibrated in the same buffer. The column was washed until all unadsorbed protein had emerged and it was then developed with equilibration buffer containing 1 mM-NADH. Fractions (1 ml) were collected and analysed for enzyme activity. Lactate dehydrogenase and malate dehydrogenase were both adsorbed to the column and specifically eluted with NADH (Fig. l) , whereas the majority of the protein in the extract was unadsorbed. The recovery of both enzymes was greater than 80%. Similar results have been obtained with columns of Blue Dextran-Sepharose.
Two NADP+-requiring enzymes were also found to be significantly purified with dyesubstituted resins. NADPH-dependent aldehyde reductase (EC 1 .I .I .2) was prepared by (NH&SO, fractionation of a cytosolic extract of rat liver by the method of Felsted et al. (1974) , and adsorbed to a column of Procion Red-Sepharose as described above Activitywas then recovered by elution with a linear gradient from0-1 M-NaCl or by washing with 5 m~-coenzyme. The purification achieved was 95-fold. Aldehyde reductase could also be adsorbed on, and biospecifically eluted from, columns of Blue DextranSepharose or Cibacron Blue F3GA-Sepharose.
NADPH-dependent 5,lO-methylenetetrahydrofolate reductase (EC 1.1.1.68) partially purified from bovine liver as described previously (Pearson & Turner, 1975) was applied to columns of Procion Red-Sepharose or Blue Dextran-Sepharose. In both cases activity was adsorbed and could be eluted with IM-KCI. In contrast with the previous examples, however, no activity could be eluted with millimolar concentrations of coenzyme. Kinetic studies suggest that the dyes do not interact with the nucleotidebinding site of this enzyme. Adenylate cyclase (EC 4.6.1 .l) was reported to have been purified from mammalian brain by using Blue Dextran-Sepharose, and the homogeneous product apparently retained catecholamine sensitivity (Stellwagen & Baker, 1976) . Evidence from other systems would support the alternative hypothesis that the catecholamine receptor and adenylate cyclase are separate proteins (Greaves, 1977) . The ability of Blue DextranSepharose to purify brain adenylate cyclase has therefore been re-examined and the possibility that the enzyme might bind to Procion Red-Sepharose was tested.
Adenylate cyclase was solubilized from rat brain and applied to Blue DextranSepharose as described by Stellwagen &Baker (1976) . More than 90 % of the activity was unadsorbed to the resin and no further activity could be eluted by washing the resin with buffer containing 1 mM-ATP. The Lubrol detergent used to solubilize adenylate cyclase did not affect the adsorption of lactate dehydrogenase to Blue Dextran-Sepharose. No binding of adenylate cyclase to columns of Procion Red-Sepharose could be observed. The inability of significant amounts of brain adenylate cyclase to bind to dyeSepharose columns is supported by the failure of either Cibacron Blue F3GA or Procion Red HE3B to inhibit the activity of the enzyme. In contrast, those enzymes that bound to the resins were significantly inhibited by the dyes (Table 1) . Both Cibacron Blue F3GA and Procion Red HE3B should prove valuable as inexpensive general ligands for a number of nucleotide-dependent enzymes. The dyes can readily be coupled to polysaccharide matrices to provide stable reusable resins for protein purification. However, only in some cases can biospecific elution of enzyme activity be demonstrated.
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